The structures of 1-fluorosilatrane and the silatranyl cation were calculated by Hartree-Fock (HF), Mφller-Plesset second order (MP2), and various density functional theory (DFT) methods using many different basis sets, demonstrating that the Si-N bonds in two species are quite different. The N→Si bond distance of 1-fluorosilatrane from the hybrid DFT calculations (~2.32 Å) using the Perdew-Wang correlation functional agrees with the gas phase experimental value (2.324 Å), while other functionals yield larger distances. The MP2 bond distance (2.287 Å with 6-311G*) is shorter, and the HF one (2.544 Å with 6-311G*) larger than those of DFT calculations. The MP2 bond distance is in good agreement with experiment indicating that the electron correlations are crucial for the correct description of the N→Si interaction. The silatranyl cation is a stable local minimum on the potential energy surface in all methods employed suggesting that the cation could be a reaction intermediate. The Si-N bond length for the cation is about 1.87 Å for all calculations tested implying that the Si-N bond is mainly conventional. Bonding characteristics of the Si-N bond in two species derived from the natural bond orbital analysis support the above argument based on calculated bond lengths.
Introduction
Silatranes which constitute the unique and well studied class of pentacoordinated silicon derivatives 1 feature a hypervalent silicon atom with a transannular dative bonding interaction between the silicon and the bridged nitrogen atom. The structure and the stability of the silatranyl cation in gas phase are of interest from the theoretical point of view as a possible candidate of isolable cation and the reaction intermediate. 2, 3 The nature of the substituents affects not only the range of biological activities 4 including antitumor properties 5 but also the strength of the transannular dative N→Si bonding. 6 The crystal structures of various substituted neutral silatranes have the Si-N distances in the range, 2.02-2.20 Å. The observed N→Si bonds of 1-methylsilatrane and 1-fluorosilatrane in gas phase are quite longer than those in solid state. 7, 8 It is known that the N→Si interaction is weak and the potential energy surface is very flat. These observations lead to the expectation that there may be no actual Si-N bond in the gas phase and that the silicon and nitrogen are held more tightly in the solid due to the crystal forces.
Many theoretical studies have been reported on the equilibrium geometries of the 1-fluoro, 1-chloro, 1-methyl, hydroxysilatrane and 1-isothiocyatosilatrane. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The geometries of these molecules have been optimized by semiempirical (MNDO, PM3 and AM1), restricted HartreeFock (RHF), and density functional theory (DFT) calculations. The calculated N→Si bond lengths were much longer than the experimental values in all these studies. Gordon et al. 9, 10 have concluded that there is a dative bonding between Si and N atom using Boys localized density analysis developed by Bader 19 and Boys localized orbitals 20 although the calculated bond length is much longer than experimental values.
It is certain that the dative N→Si bond is present, but the nature of the bond has not been studied in detail. To the best † Dedicated to Professor Kyung-Hoon Jung in appreciation of his great contribution to physical chemistry * Corresponding authors: Yoon Sup Lee (e-mail: yslee@mail. kaist.ac.kr), Youngkyu Do (e-mail: ykdo@kaist. of our knowledge, there have been no study on the silatranyl cation. In this study the structures of 1-fluorosilatrane and the silatranyl cation have been obtained from HF, hybrid DFT, and the second order Mφller-Plesset perturbation (MP2) calculations with various basis sets. Figure 1 and Figure 2 show the structure of 1-fluorosilatrane and the silatranyl cation, respectively. Extensive set of DFT functionals was tested in an effort to assess the performance of DFT for the silatrane-type molecules which have flat potential energy surface near minimum. We analyzed the character of N→Si tansannular bond using the natural bond orbital (NBO) analysis.
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Method and Computational Details
HF, hybrid DFT, and MP2 calculations have been performed to optimize geometries of the 1-fluorosilatrane and the silatranyl cation. As the hybrid DFT methods, Becke's one parameter hybrid functional with the Lee-Yang-Parr (LYP) correlation functional as implemented by Adamo and Barone (B1LYP), 22, 23 Becke's three parameter hybrid functional with the LYP correlation functional (B3LYP), 24 Becke's three parameter hybrid functional with Perdew-Wang91 (PW91) correlation functional (B3PW91), and Barone and Adamo's Becke-style one parameter hybrid functional with modified Perdew-Wang exchange and Perdew-Wang91 correlation functional (mPW1PW91) 25 were employed with 6-31G*, 6-31+G*, 6-311G*, 6-311+G* basis sets. The MP2 calculations were performed with 6-31G*, 6-31+G*, 6-311G* basis sets. We use the natural bond analysis (NBO) methods 21 to analyse the nature of the N→Si tansannular dative bond. Calculations have been performed on the CRAY-C90 computers at KISTI using the Gaussian98 program.
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Results and Discussion Table 1 shows the optimized geometry of 1-fluorosilatrane at the HF, MP2, and various hybrid DFT levels of theory using 6-31G*, 6-31+G*, 6-311G*, and 6-311+G* basis sets.
In the silatrane molecules the most interesting parts are the Si-N bond length and whether there is a bonding between Si and N. In the gas phase experiment, the Si-N bond length of 1-fluorosilatrane is 2.324 Å, longer by 0.282 Å than that of the solid state. The Si-N distance at the HF level is longer than the gas phase experimental value by about 0.2 Å. As the electron correlation effects strongly contract the Si-N distance, the Si-N distance at the MP2 level is shorter than that of the gas phase experimental value but longer than that of the solid state. The optimized Si-N bond length at the MP2/6-31+G* level is 2.251 Å, the shortest distance in this work, but still in reasonable agreement with experiment. It is clear that the electron correlation is essential for the right structure. The hybrid DFT calculations with the B1LYP and B3LYP functionals produce longer Si-N distances than the experimental value by 0.07-0.15 Å. The Si-N distance is 2.285-2.355 Å in the B3PW91 calculations. Using the mPW1PW91 fuctional, the calculated Si-N distances are 2.271-2.364 Å which are shorter than those in other hybrid DFT methods. The Si-N distance agrees well with the gas phase experimental value in the case of PW91 correlation functional while the calculations with the LYP correlation functional always result in longer Si-N distances than the experiment. It appears that the PW91 correlation functional discribes the N→Si interaction better than the LYP ones. The nitrogen atom of 1-fluorosilatrane has a lone pair which interacts with the silicon atom. When the diffuse basis functions are included as in 6-31+G* and 6-311+G* basis sets, the Si-N distance becomes shorter by 0.03-0.07 Å than the results of 6-31G* and 6-311G* basis sets. The N→Si interaction is well described by the correlation effects or PW91 correlation functional and the diffuse basis sets. Table 2 shows the optimized structure of the silatranyl cation. This cation is stable and may play an important role as an intermediate in the reaction of silatranes. This cation exhibit different bonding characteristics compared with the 1-fluorosilatrane. As the Si atom has four coordinations, there is a substantial increase of covalent bonding between Si and N atoms. The Si-N bond length about 1.88 Å is substantially shorter than that of 1-fluorosilatrane. While the Si-N distance of silatrane is contracted by the correlation effects, the Si-N distance of the silatranyl cation is elongated by about 0.02 Å. There is little difference between the results of the LYP correlation functional and those of PW91 correlation funnctional. The effects of the diffuse basis functions are negligible since the Si-N bond is not a dative bond any more. The bond angle around the Si atom (∠O-Si-N) in the silatranyl cation is about 97 o which means that the Si atom lies below the plane made by three oxygen atoms (Figure 2 ). On the contrary, the ∠O-Si-N of 1-fluorosilatrane is about 82 o ( Figure 1 ). The Si atom lies above the plane of three oxygen atoms. The silatranyl cation is a local minimum on the potential energy surface with a definite Si-N bond. Table 3 and Table 4 show the atomic charge analyses for 1-fluorosilatrane and the silatranyl cation, respectively. In both Tables the atomic charges from the Mulliken population anlaysis (MPA) depend strongly on the method and the basis set. The MPA atomic charge on the Si atom of 1- Table 5 shows the bond characteristics of 1-fluorosilatrane. In the NBO analysis from the MP2//MP2/6-31+G*, there is a bond between the Si and the N atom. The occupation is 1.862. This bond is mainly the N atom (96%) with a small contribution from the Si atom (4%). The Si atom has 12% s character, 42% p character, and 42% d character in the Si-N bond. The N atom has 13% s character, and 87% p character. The Si-N NBO is formed from the sp 3.86 Major contributions are from other atoms. The Si-O bond is 89% O atom, and the Si-F bond 90% F atom. Table 6 shows the bonding characteristics of the silatranyl cation. There is a bonding between Si and N atoms and, furthermore, the hybrids are quite similar among MP2 and different DFT methods. The Si atom has 19% s character, 78% p character, and 3% d character in the Si-N bond. The N atom has 18% s character and 82% p character. This bond is formed from the sp 4.11 hybrid on the Si atom interacting with the sp 4 .44 hybrid on the N atom according to the MP2 calculations. The d character of the Si atom also contributes 
Conclusions
The structures of 1-fluorosilatrane and the silatranyl cation are optimized with HF, MP2, and various hybrid DFT methods using various basis sets. The correlation effects are very important in the 1-fluorosilatrane. The Si-N distance in MP2 calculations is shorter than the gas phase experimental value but longer than that of the crystal. Among the hybrid DFT methods, the B3PW91 and mPW1PW91 functionals describe the Si-N distance well while the Si-N distance is quite longer than the experimental one in B1LYP and B3LYP calculations. In 1-fluorosilatrane, the diffuse basis functions are important, accounting for the decrease of the Si-N distance by about 0.03 Å-0.07 Å. In the silatranyl cation the Si atom is on the side of the N atom with respect to the plane of the three O atoms while the Si atom in 1-fluorosilatrane is on the other side of the plane. The Si-N distance in the silatranyl cation is about 1.87 Å.
The NBO analysis of 1-fluorosilatrane shows that the d character in the Si atom plays an important role. The Si-N bond is formed by a sp 3.86 d 3.48 hybrid on the Si atom and a sp 4 .44 hybrid on the N atom in the MP2 calculation. The DFT methods allow only a small portion of the d character in the Si atom to participate for the hybrids resulting in a lone pair of the N atom and no Si-N bond in the NBO analysis of 1-fluorosilatrane. In the silatranyl cation the Si atom has four coordinations and is weakly hypervalent. The d character of the Si atom is almost absent in the hybrids and the Si-N bond is formed by a sp 4.11 hybrid on the Si atom interacting with a sp 4 .44 hybrid on the N atom even in MP2 calculations. In this study, the difference in the nature of Si-N bond between 1-fluorosilatrane and the silatranyl cation is clearly demonstrated. In addition, the silatranyl cation appears to be quite stable and could be a good candidate for a future experimental study. 
